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Comparative physiological responses of cadmium stress on Enteromorpha clathrata

and Enteromorpha linza
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Abstract; Cadmium pollution is one of the most extensive and harmful environmental problems all over the world. In recent
years, with the continuous economic development, pollution by cadmium and other heavy metals in the coastal water body is
becoming more serious. To investigate macroalgae physiological response to heavy metals and its resistant mechanisms,
experiments were carried out to study the effects of different cadmium levels on growth, Chlorophyll (Chl) and Carotenoid
(Car) contents, Chlorophyll fluorescence parameters, soluble sugar ( SS) and soluble protein ( SP) contents in
Enteromorpha clathrata and Enteromorpha linza. The results were obtained as follows. (1) Growth of two Enteromorpha was
sensitive to cadmium stress. With the increase of Cd*" concentrations, the fresh weight (FW) and relative growth rate

(RGR) of E. clathraia and E. linza were both decreased significantly. However, inhibiton of FW and RGR in E. clathraia
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was more serious than that in E. linza. (2) Chl and Car contents of E. clathrata and E. linza were decreased significantly
upon treatment with 20 pmol/L Cd**; When Cd** concentrations increased gradually, Chl and Car contents of two
Enteromorpha were decreased more significantly, however, Car contents in E. clathrata decreased more significantly than
those in E. linza under all Cd** treatments. Chlorophyll a/Chlorophyll b ( Chla/Chlb) of E. clathrata and E. linza
decreased gradually as Cd®* concentration increased. However, the former (ie. E. clathrata) decreased more significantly
than the latter. Chlorophyll/Carotenoid of E. clathrata was increased gradually as Cd** concentration increased; it reached
the highest value when treated with Cd** at 60 pmol/L, and it started to decrease gradually when Cd** concentration
increased further more; while Chlorophyll/Carotenoid of E. linza showed no significant change with all treatments of Cd**.
(3) With the increase of Cd’* concentrations, the maximal photochemical efficiency of PS II ( Fu/Fm), the actual
photochemical efficiency of PSII in the light ( Yield) , the maximal relative electron transport rate (rETR,_, Pm) and light
use efficiency (a) of both Enteromorpha varieties were decreased significantly. The Pm decrease was much more than the
decrease of Fv/Fm, Yield or a in both Enteromorpha. All chlorophyll fluorescence parameters of E. clathrata were
decreased more than those of E. linza. (4) Compared with control, the soluble sugar (SS) contents decreased significantly
in both Enteromorpha under 20 wmol/L Cd* stress. When Cd** concentrations were increased, the SS contents of both
Enteromorpha were increased too, but the SP contents showed a significant decline. The SS contents of E. linza were higher
than those of E. clathrata, but the SP contents of E. linza decreased less obviously than those of E. clathrata. (5) The
results also showed no significant correlation between growth indices and Chl/Car, significant and highly significant negative
correlation between growth indices and SS content, highly significant positive correlations between growth indices and Chl

content, Car content, Chla/Chlb ratio, Fv/Fm, Yield, rETR o and SP content. The above results leads us to a

conclusion that E. clathrata and E. linza were both sensitive to Cd**. However, Growth inhibition of E. clathrata was more
than that of E. linza by Cd** stress. Better adaptation of E. linza to Cd** was mainly achieved by its higher Car contents,
Chla/Chlb, Fv/Fm, Yield, rETR,  ,

content, Chla/Chlb ratio, Fv/Fm, Yield, rETR

a, SS contents and SP contents upon exposure to Cd** stress. Chl content, Car
a, SP and SS content can regard as value indexes of cadmium

max ?

tolerance of Enteromorpha.

Key Words: Enteromorpha clathrata; Enteromorpha linza; cadmium stress; growth; chlorophyll fluorescence parameters ;

evaluation index
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S5F & ( Enteromorpha clathrata) R & 15 & ( Enteromorpha linza) J& A1 258} (Ulvaceae ) 1 & J& , & R E 1
LSRR L7/ LR S S NP NEEZ S ot e ) < A B O N 7 o 4 G R TN STl VA U S E 1
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MO A X T AR T R SR AU A T T TR R A A A A R T A2 BB
T 5 T A X B B RRON S O W SR AR D o e T AR A B I A JE Ml T i ST
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REML B 7 kA Ja Pk RV 30 T 4 S V5 YR (TR P R B A T8 A2 ol A0 Vg VA 9 B DX ) A 05 L e R
T3 PR FE &R FH B LR 2= BRI AR B
1 #REAE
1.1 #REHEFR 50

ISR 250F & ( Enteromorpha clathrata) F12% 45 3 & ( Enteromorpha linza ) 2% B 1195 ¥ 2= W5 7% 5 1 48
W SR L 0 25 RN A o N TR 10, BB 24, e B K R A IR B K I VSE
SR N TE7K (33, 33%0) FEFR WA =AM (200 mL $55500) B 9% 5 d, LAE N L0 = A K IREE . SRS R
BLO.5 g £ B[R] A 3 A (FR it B FH R 4RI 8 A 2 I 147K 43 ) 7% A 1% 0,20 .40 ,60 .80, 100 wmol/L CdCl, -
2.5H,0 M N TI7K (33.33%0) KiFRIRALBE , A2 FIAL B B35 78 OXZ RS R RO R 35 4 vh ilb A7, 19
B 1 d B4 1 RALFEIE IR (20+1) °C , G BE 4500—6000 1x, % : 1% 34 12h :12h, pH i}y 8.0, &4 4b
PRE 3 ANEE T d SRR E
1.2 {5k
1.2.1  fFE AR A 4 R A

U A5 A PR A AR, DR AR TSR R A 7K 43, FRASEEFE 5 F 91 A5 A X A 3 22 ( Relative
growth rate,RGR) '*')

RGR(% /) = n(M, /M, /t] x 100%

K, My AR RIIREE T M, N ¢ KI5 R R
1.2.2 MRS MRS ENNE

SIS 0 FREBGEAR 0.1 g(BETE FM) KSR STHE ] 10 mL 95% ZBE4RER 4 C vkAf o 2
BARTE 24 h 5 2 A0 0] UL 2 6O BE 3 1E 665,649 470 nm I 5E $2 BUK B WOGE, @it BB M 8% a
(Chla) \F4%3K b(Chlb) M4 (Chl) ZKiHE R (Car) &,
1.2.3 MR EISERHE I E

T PR Walz 2 w6 A 72 (0 07 WeAE 9 9% Y640 ( phyto-PAM ) HEAT I 43 2598 0 & TS B0 M 52 o I A2 1T, 4%
ANTR] G 9 B Ab R f 79 ol e 5 KR S EAT RS & B 15 min, JR)5 FH phyto-PAM I %€ Fu/Fm @PS 11 ( Yield) .
ETR,, o S,
1.2.4  FIEEHERE(SS) FIml AR 1 (SP) & i il

PIZ HESCHR™ S i H R A BRI He (5 2 I 52 | SP & R % S 3 i G250 1L AE
1.3 kb

FIFH Microsoft Excel 51 . SPSS13. 0 #4317 B8 U8 1 GE 1 F AR SCHE 00T, R Duncan #6536 7547 18 3%
PEITHT
2 ZEREHH
2.1 AR CA* e i 25 W 55 PG A W &5 A K A2 i)

20 pmol/L Cd™ AbFET | 25 &5 M AF i & fif F AHXT A KA (RGR) ¥ 35 TR, Bl Cd™ ¥k & A 1%
I, W E A EEE RN RGR R AT % . 20,40 .60 .80 100 wmol/L Cd* 38 T, ZWF & ff F KUK TR 13% |
22% 27% 31% A41% , W& B EIR IR TR 11% 16% 20% 25% 27% ; 25 R T M LGS E, &
WFE AR Ko AP BB, I 1 S R IE T X — 5, C E R, ZRF B 1Y RGR B BAR T4 W5, 100
pwmol/L CAd* AN , G5 HFE RGR J-3.6% /d, T 5HFE RGRAKE-7.6%/d(K 1),
2.2 R[FEZKE Cd* il X S 0F & AW & 4R (Chl) & RS bR (Car) &t MR o/ HEE b
FL{H ( Chla/Chlb) 2R3 /2K % b HU{E ( Chl/ Car) Y5210

20 wmol/L Cd* ZbBER , PHHF & AY Chl 1 Car 5 034 10 25 T 5 24 CA™ YR EE R Wi A, I & Chl A1 Car
SH AR E(E2), &K],60.80 wmol/L Cd* AbHH R AS[H] ShFf Chl 55 N 408 B 22 55 RN IH | 485 & Chl
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Fig.1 Effects of different Cd** concentrations on fresh weight and relative growth rate in E. clathrata and E. linza
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Fig. 2 Effects of different Cd** concentrations on Chlorophyll, Carotenoid, Chlorophyll a/Chlorophyll b and Chlorophyll/Carotenoid

contents in E. clathrata and E. linza

PR T 34% M1 41% |, AW S Chl F AR N 37% F139% ;100 wmol/L Cd** AbHE T, Z%3F & Chl
Tt T RERIE 61% , M WFE Chl & it TR 53% (&12), 20,40 .60 .80 ,100 wmol/L Cd* AT, 50 &1
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Car F RAKIK F % 16% 29% .51% .51% 61% , M55 HF & 1Y Car & EAMKIK NI 13% . 16% 41% ,44% |
55% ,BIERMME T AR E T Car S EFFINRGE W& H R (K 2) .

5& HXTIRAALL  BEE CA> MREE IS IN, 2507 & MZ AW 5 1Y Chla/ Chlb F{EIZHT TR, 25 Cd™ W B R
60 pmol/L B}, Z5WF # Chla/Chlb [ T B ik 21| i 25 /K F-, i & 45 WF & (% Chla/Chlb /) T BE— F #| Cd* 100
pmol/L B , A K B E /KT, 100 wmol/L CA** ZbH T | 25 WF & AL W & Chla/Chlb 2305 F R 27% M1 13% , Fifi
FH AR FE IETIN, 20 Chl/ Car i3 3% 1T, 78 Cd* 60 pmol/L i, iR i {H , # ik g it — 2 7+,
S E Chl/ Car BHTFEAG; MARINA T, B W S RLEB AR E(E2) .,
2.3 R[EDKE Ca* Bre X 250 & A & T R OOESEU 52

L 3 AT 4500 & AT PS T i KOGREFE AR (Fu/Fm) (PS 1 SEFROGRESE ALRBOR (Yield) (K
FHX HL 153 3R (1ETR, ,, B Pm) FIOGRE R AL (o) BEE CA™ VR BE 3G i, 34 52 90340 7 0 35 1 ka3
20 .40 .60 .80 ,100 wmol/L CA** 1A, W& W) Fo/Fm (HIKIK T 16% 18% 21% 24% M 27% , 5& &
0 Fo/Fm AEMKIK FRE3% 7% 10% 13% F119% ; 5507 & Yield MK FRE20% 40% \54% 66% F170% , 44
WS Yield WK FF% 3% 5% 16% 23% 11 32% ; 5 & vETR,, KK N B 53% . 79% 86% .87% il 89%
G tETR,, KK TR 30% 46% 55% 67% 1 77% ; 55005 & o KK F R 12% 18% 23% 26% F132% ,
GAETS o WIKIK T 6% 8% 11% 17% F125% , L5538 WF & Pm X0 ScUS maa F Pm B9 F
FEMEFE I KT Fo/Fm | Yield Fl o 2505 & BT A M SR NS B ISR 2 2 S TR &,

0020 EB40 B60 A80 M 100
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S 400
g 0.15
:?‘E; 300 o
o ze
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: : 7
100 | % 0.05
0 G 0 -
E. clathrata E.linza E. clathrata E. I

3 N[ CA*iREMEXEMFEMEENES PSTRANEEEUZT(Fo/Fm) PSTLERIEEEEWIIE (Yield) (B A X B F &8 % R
(rETR,, B Pm) TS BER FARIR () BISIE

Fig. 3 Effects of different Cd** concentrations on Fv/Fm, Yield, rETR,,,., @ in E. clathrata and E. linza

2.4 AR CA™ Wb IR & AT PERE (SS) AR PEEE 1 (SP) & & Y2
20 pmol/L Cd** ALBER | JRiF & FIEAT W & 1 PR PN (SS) B 35 A, B Cd™ MR BE RN, PIWF 5 1Y
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SS FrE L E TR, 2 Cd™ WA S 80 wmol/L B, P& SS & h v T X IR 458 0 38% |, 24 Cd™ W
IKF) 100 wmol/L B, PHHFE SS 7 i 3 = T X R, 20 513 in 60% F161% , 20 pmol/L CA™* AL T | 2 WF & A
GAEHFE R SP & PR B 40 pmol/L CA* LT | 40HF & SP B EH K ,60 wmol/L CA™* ZbHF | 453
BERZGAERFE ) SP & 51 BB AL, 20 BIFEAK 34% F120% ;80 .100 wmol/L Cd** AbBE R, SF & M IS
[ SP i A3 AR 43% 43% Fl1 23% 25% . X 3R, W SR E (N, A5 8 SS & T oh o 2
M SP BEARA I 25 5 5 B 5

[JO 20 [J40 F160 Z80 M 100umol/L Cd>
16 6

)
'S
T
)
)
)]
T

f;fb

[any
N
T

1 O

2 =S
S
S0 ]
= o)
g £ af
% 2
3 % 2 2H
2 % 2
= / ]
3 % ] 14
%
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B4 FE CE*REMENZEREMESHE RN (SS) MAIAEER (SP) FEHEM

Fig. 4 Effects of different Cd** concentrations on soluble sugar (SS) and soluble protein (SP) content in E. clathrata and E. linza

2.5 CA* A3 NF & A Kb 5 T AR BAE LR bR 0 AE DG 4 B

HIE S AfA, Cd* AbHMR B 5 Chl/ Car 1A MHOCHE, 5 SS 24K .3 IEAH G (P<0.01) 4F, 568 RGR,
ChlCar Chla/Chlb ,Fv/Fm Yield tETR,, .o Fll SP ¥ 4% B & HAHE (P<0.01) , Hf Cd* ik 565 RGR
B S 2B BRI -0. 910 F1-0. 867 , ik T 815 SS &L 5 & 715 (P<0.05) ,RGR 5 SS S 4% i # 4
F(P<0.01)4h, & # RGR 43955 Chl, Car Chla/Chlb  Fo/Fm Yield rETR,, .o F1 SP ¥ 5 H i 3 IEAHE (P<
0.01),

x1 FREMGENE SEMRERAXESH

Table 1 Correlative coefficients between indexes of E. clathrata and E. linza

[Cd*] FW RGR Chl Car  Chla/Chlb  Chl/Car  Fuo/Fm Yield  rETR,,, a S8 sp
[Cd**] 1
FW -0.910"" 1
RGR -0.867**  0.818*" 1
Chl -0.648 " 0.438"*  0.460 " 1
Car -0.684**  0.516"* 0.543° 0.964** 1
Chla/Chlh -0.785**  0.715** 0.621** 0.672** 0.710** 1
Chl/Car 0.222  -0.272  -0.318 -0.027 -0.274  -0.286 1
Fu/Fm -0.630** 0.775** 0.647** -0.080 0.024 0.439** -0.291 1
Yield -0.593**  0.760** 0.578** -0.129  -0.021 0.416* -0.307 0.922** 1
tETR -0.808 **  0.910** 0.812** 0.167 0.291 0.522** -0.392*  0.878** 0.837"* 1
« -0.652%*  0.791** 0.642** -0.087 0.000 0.439 ** -0.233 0.935"  0.951** 0.882** 1
ss 0.656 " -0.346" -0.524** -0.770** -0.706** -0.573** -0.048  -0.002 0.021  -0.163  —0.037 1
sp -0.863**  0.855** 0.713** 0.491** 0.550** 0.810** -0.303 0.667** 0.712**  0.753** 0.697** -0.464*" 1

[Cd> MM FW A EETE  RGR IR KR | Chl W2k E i, Car W2EHE N E A&, Chla/Chlb HHEEE a SHEEE b (HAH, Chl/Car HIHRE R
wHRAY NP RAEMAL, Fo/Fm 8 PS TR KICRERE LR, Yield o PS I SEFRGRERE (LAHR  (ETR,,,, R F KX o T 15535805, o SEREFI AR, SS R ml bk
BEER SP O AIETEEA SR« BEMKT P<0.05, « = BEMKT P<0.01 (MBI, n=18)
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3 itig

AWFFTTE R e B R 5 AR i, A A KUK (RGR) B35 T [, FEWESY T8 X WA ir & 8
F MR VOLRRE S AT (RIS O R SRR, SRR SCHE T R, CdP b BV
S A B SO SC MR TR T e AR, R & A K A AR 4 AR AR R B A R A
PR, WEE A AR RS AR (R AR AR ) a2 8 N R A A e i S AR e 26
% MR EE R o/ MR b Fo/Fm Yield tETR o AT EPESR 5 1 50 B 2 19 SORH OC, FmT 5
i e A 2 O 8 R IE A DG PRI AT AT, 7E R4 T B I G AR T PR IS, B TR/ i N R
FUAEX —H8 bRk, e M 5 AR 24 il Ve PR A

V24 1k, AT Cd* e VR TR SR R T 2, (2 B 0 B AN SR 55 T, LAl ) S5t A BEL DB
IR EEARTIRE D) 25 Bt T A A i B 3R U0 R A WRCR B 32, AT S 8UE IR E =
AR TR BB WIS RS wmol/L CA* b FE 3 d, I iF S A4k 20% A0 FE 5 d, fR 4 40% , 100
pwmol/L Cd** AP HFE 1 d, & BIAREE 60% ,Ab3H 2 d R4 80% . ANITAE 1 IRIE | 24 Cd* #kEF <3. 0 mg/
L (26.8 pmol/L) B, B A: K BAT 24 CA* Wk =3.0 me/L B, AR R AE K32 B0 5 A3l . Wi ASHEoY
o B OSSR 2 R R s A MR S AT T ERER AR A . A5, 20 pmol/L CATARFER  SAHE A
P M T S AR, Bt I I B X — AR o 2 (R A e 5 o T AR AU O 3 2 O B MK T AR
Cd™ #e M 20 34015 100 pumol /L A AR | 46WF & 19 RGR 1Y N [ B LT R Wi 1 2 1% . Sk Ui B
WEERT CA* T 52 M A 7E 25 5, RO AS T &5 X 4 14 38 R PE R 4R 8 11

4B A S PRI S B R S BT R e B /E I, AR AR5 Stobart 4570 BT
T, M2 R B TR O S R RS2 2 7 A E B n AR [ 7 g R R G i, 1T T e
W o ) R I 2R A T T A0 ) BRI JECRE T ARG R, SR AT B 3 O 4R 38 (Chl) A BRI 4R R
a/M4¢ &K b(Chla/ Chlb) FL{EFE CA* il THIR TS FRFFRIE A{GEm Chl 7 &, 3 52w HAY AL, /P
H Chl a BA RO HE N8 AR Chl & 2 A FARAR AT BB R R Cd™ 5 Chl & iy JLFP il (JR 2R R R 8 5
ity |2 5L RN IR A U RN IE €2 38 5t I 22 I ) IO B (—SH) 455, AT il 1 3 SE g 19 3% 7k | BHAS Chl 19 &
BT ZESRA R R AR A R, AR S 2 N R (Car) SR A FRRIREE Y LA W & K, RIALE
WS TERIA R, BELERFARXT 4 B B Car 5, 1] Car VE AR N AERGIE P AL RS0, RENS A R T bR TG Pk
S, B 1 B e AL SRR A R R S I R A A

HeENVE SRR N EZ RS RE 25 48 o 2Rl O RE sk Al e R &
B RIS R FARER BT A NADP 45k MR B R S D A 1R 207 PS T e A R F A H 2235
07, IR 4R ) E B FCAR, — 2 HE 48 I He™ Cu® .Cd™ Zn” Fl Ni** GERE R PS T 2% 25 4 F v e 1Y)
Mg® | AR E T RLDY . AR 20 pmol/L CA* ZbFE T | ZWF & Fo/Fm F1 Yield Bl i 2 14
%, Ui Cd® %t H: PS I A W B i3 TR, AR T PS I AR R ERESFIAE 1 Fne AL e 11 Y i &
Fo/Fm F Yield 76 Cd* ¥ B =60 pwmol/L B 74 5 35 F R, X 0l BB 5 445 WF & PS 11 RN 40 M P 0 o A2 P A
K Fo/Fm (R R AR Z2IWa Y 20 E Fo/Fm (0T BB AT B & 0D, DA A0 F B 1EA
[l BE Y Cd>* A B AP 37 S B0 EE 2058 W 35K, iX S5 AR B9 P il & I 5 5 A1 RGR B 15t I 25 18 4 — 3K,
MR CA* WA IE IR & 1 1ETR,, AL B3 TR FEM S RS SHUE (ETR,, RIN 5 Cd* b3
WP T R AR S 72 BT A A BRA A8 b oETR,, FTAE K38 AR (B 5 R0 RGR) A5 e RIFIEAH &1, 31X 13d
B EL T4 652 2 1 B S A LA, ST MR PS I SO0 ho G332 7, 6 7 BB B — E R B 7= A e, (il
PR AIEIE AL 01 (NADPH Fll ATP) Joik IE % B B, X 52 1 X filk 1) [ 2 R [R) Ak, 6 A R H SR F iR AR RI0R
st FRE20

ATV (SS) AT VM2 1 (SP) S 40 6 b B 52 () A0 0 38 36 1A 1 ) I, — 86 SS 3R 2 3% AL T I )
MR 240 SP RINRERE A MBS 58 FR M A BESE, A AR5 08, IR BE A9 Cd™ BB 5 T 1 26 3 0 2 i 0
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SEAE AN, MR AR B, X T BE R A HEDT Cd 5 1Y — P S LA 5 F iR v A B T A
BRI DAY SS RSP & i T Y A SR — S TR AR A = B A
T D o B8 o 8 AR R AT 090 5 R DR AP AN G2 05, AR IE R 2 AR AR Ik Cd b 2
LRSS E R T, X T RER AR I A A TR B A IV R OT 1 B AL, AN B
SERRAES B AP AL HR AL PRGN, AR AR AT RS SS St BBt A T . PRI TE CdT M a
I, SP & BT T K NI R I 5 Ca™ W BEAR SR B9 SR G, 15 A IR AR IR A TEAR G | 3 AR AT REJ2:
T E N U, A AR P2 HE T EOK AR AT R I 1 S S, B S S B AR 2
FETE MR, F HLA R B B AH DR & 32 B BL0, Ik TR i A T SRR SP Rk
TR LG A T ARG & HUASIF B TE Cd™ Bhan T 4R B m roAQIss

Zi TR TR IR CA™ AR IR & IR K OB @R IR RIOES L, SS 1 SP M kA 1 W AR
A, X BEAARAT IR &5 XA R B R CA™ AR RO TE 52 BE ), GO W IR 3 TR A . X R %
RBUERMNE TG W ORI A AER S A e R A KRR DS (R M 2R RO SR T il
IR IR A &, RO 2R S8 KW E RS 2R o/ 2R b Fo/Fm Yield tETR,, (7]
VPR 1 AN ATl S AR T DR B WA A PP S8 AR . (EURAT S 25 8 o ol 0 P03 B AL AT 15
AT,
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